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(71) We. Matsushita ELtCTRic Lv- 
DUSTRiAL CoMi'ANY LiMiTHD, a Japanese 
company, of 1006 Oaza Kadoma, Osalca-fu. 
Kadoma-shi, Japan, do hereby declare the 
5 invention, for which we pray that a patent 
may be granted to us. and the method by 
which it Is to be performed, to be particu- 
larly described in and by the following 
statement: — 
10 This invention relates to a display or 
display and recording device, hereinaiter 
referred to. for brevity, as a display device. 

The invention includes a display device 
comprising a layer, including a luminesc- 
15 ent material, the luminescent appearance of 
the device being controllable by clectro- 
phoretie movement of an dectrophoretic 
material in said layer. 
The invention also includes a display 
20 device comprising a layer includii;g a sus- 
pension medium and at least cne material 
in a form susceptible of elcctrophoretic 
mobility suspended in i'aid medium, at 
least one of die components of said layer 
25 being Itunincsccnt, and at least one of the 
components of said layer being substan- 
tially opaque to the radiation which excites 
the luminescence or to visible liglit, said 
suspension being bounded by opposed sur- 
30 faces, spaced electrodes positioned with 
respect of said surfaces whereby on apply- 
ing an electric field across said layer be- 
tween said electrodes, the spatial distribu- 
tion cf said elcctrophoretic inaterial be- 
35 tween said surfaces is elcctrophorelically 
changed whereby to change tlie luminescent 
appearance to said device. 

The invention makes possible a lumines- 
cent display device having a large and /or 
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fiat or curved display panel. The panel can 
be flexible. 

Otlier features and advantages of the in- 
vention wMl be apparent from the following 
description of embodiments thereof, given 
by way of example, and the accompanying 45 
drawings, in which: — 

Figures la, ib and Ic are diagrammatic 
cross-sectional views of a display panel; 

Figures 2^1 and lb are cross-sectional 
views of another form of display panel; 

Figures 3a and 3b are diagrammatic 
cross-scclional views of another form of dis- 
play panel; 

Figures 4a and 4b arc diagrammatic 
cross-sectional views of another form of 
display panel; 

Figure 5 is a diagrammatic perspective 
view, part broken away, of a form of dis- 
play panel; 

Figure 6a is a diagrammatic front view 
of an electrode for use in monogrammic 
character display panel; 

Figure 6h is a diagrammatic cross-sec- 
tional view of the panel of Figure 6a: 

Figure 6c is a diagrammatic front view of 
an alternative form of the electrode of 
Figure 6a: 

Figure 7 Is a diagrammatic perspective 
view, partially broken away, of an imace 
display panel; 

Figures Ba, Bb and 8c arc diagrammatic 
cross-sectional views of an electrostatic 
image display panel according to this in- 
vention: 

Miiure 9 is a diagrammatic cross-sectional 
view of another form of image display de- 
vice; 

Figure 10 is a diagrammatic cross-sec- 
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tional view of an electrostatic image dis- 
play. 

Fi.'urc II is a diagrammalic cross-sec 
lional view of a display pand: 

Figures I2a and \2b are diagra.nn.atic 
cross'-scclional vievvs of a form of diiplaj 
panel; 

ri"urc I2c is a diagrammatic front viev/ 

°' FiiT' Ta '^diagrammatic perspective 
vi<^v=of a member fo-r use in the panel of 

^'n'urlr'iris a diagrammatic cross-sec- 
lipnLl ^^evv of another-form of display de- 

^"^nl the drawinas. the size and shapes of 
elomen" Sc not to ^^-^-jf.^H^^Z 
e!cr.-.e:its have been purposely distorted in 

tcr 20 Snttcs-a luminescent display o 
disnl-' and" recording panel v.hxu includes 
a^luidinSent clecrropho relic suspension 

'-'^^The'Suspension layer 21, - a fluid state 
is contained within a l>o"smg 22 formed oi 
T frame 23 and two opposed major "ousm^ 
waHs^4 and 25 of material transparent to 
radiation flux and y'S'b'c^l Sht 

ScS r?hV hSsing S \ and 25 
Tl fsuspension includes a dispersion of at 
least one eleclrophorctic material 26 m a 
fin' " divided poWder form suspended m a 
suspension me'dium 27: th« partKjh^^^^^ 
the material 26 are shown greauy enlar od 
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tlic material io uiv np. two 

i,, aiis and subsequent FiguKS TTic two 
.;-.rfic's of the suspension lajer 2 ar.- in 
40 cornet rospectively^vith first and^ s^^^^^ 
electrodes 28 and 29. which are ot m-.v-nai 
?r^nsni-cnt to radiation ttux and visible 
KU-^ 1^ electrode, arc attached to he 
hhc'y surfaces of the housing walls 24 and 

^^The electrodes 28 and 29 are mounted to 
tlJ'j^inals of a direct voltage source .0 
through a sw tching means jl- " no c'cc 
trk field is imposed on the suspension la>er 

thiaghout the suspending mcdm 27 as 
shown diagrammatically in Figure Ui. 
Radiation sources 32 and 33. for example 

55 ultm-violct light sources. P<^'"°""j5r°"t 
onoositc sides of the panel so as to aircti 
ffi on aax on both sides of the suspen- 
sion laver. If the electrophorotic matorml 
26 is luminescent and emits for example 
60 sLn light when excited by ultra-violet igh 
and the suspension medium 27 is not lum- 
inescent and stronsly absorbs the visible 
i4t1^d/or the radiation flux, the suspen- 
skm byer 2 exhibits a deep green colour 



at electrodes 28 and 29 in response to the 

radiation. i o„k 

If the deep green suspension layer is sub- 
ioclcd to a unidirectional electric field by 
voitaee from source 30. the declrophoretic 
matenal is caused to move clcctrophoretic- 70 
ally in a direction toward tiie cathode or 
thoatiodc. depending upon its polarity. For 
example, if the nuuena is negatively 
chanicd. it moves and is deposited on the 
aiiod'e 23. A non-uniform spatial distribu- 
lion results as shown diacramniaiically m 

This different spatial distribution of the 
material 26 results in a luminescent appear- 
ance dillerins from that of the original sus- 
pension lavcr of uniform distnbuiion. For 
example, the panel may show a bright green 
colour at the anode because the green hght 
"vmiitted in response to source. j2 rf6m-th|. _ 
laver of the olccirophorctic ma erial dv^- 
noii-.cd on ihc anode is directly visible 
ihrou-h the =node 28 without transmission 
through and absorption by the .suspension 
medium 27. The cathode side of the panel 
is dark, since li=ht emitted from the e=cc'.ro- 90 
n'lorclic material adjacent the anode is ab- 
sorb.-d on iranmiission through i.ie suspen- 
sion medium. Reversal of the direction o. 
the field by reversing the polarity of t.ie 
aoplied voltage, causes the electrophore^.c 9d 
mi'tcrial to be dcixjsitcd on the cathode 
as siiowa in Figure Ic, and a reversal ol 
the colour characteristic of the panel. 

The forosoing description assumes that 
die suspeiiJou mcdiimi is not luminescent. 
but this may not be so. and a luminescent 
suspen^ion medium can be used. In tins 
cas^ I'.io panel mav exhibit, at its surfaces, 
ccloars wliicli are additive <iiixl"'^'s ijio 
luminescent colours of the inediuiu and the l"- 
cll-rroplioiorciic material. The device of 
Fi-'tl'-e l/> or Fisure Ic will siiow. at elec- 
trode 23. colours which are substamially 
liic luminescent colours of the eicciro- 
nhoretic material or the suspension medmm HU 
respectively. Tiw cokmr characierisiic ot 
the pand depends upon the spatial distn- 
buiion ot lh« electrophoretic material, die 
luminescent pa^perUes of the electro- 
-phS material and the suspension 1 1 :> 
medium and transmission properties of the 
de-.trophoreiic material and the suspension 
mcdiur.i for radiation flux and visible ligut.. 
[n this way. when the device is exposed to 
the radiation fiux its luminescent appear- i-o 
ance will change due to dctrophoreiic 
moysmcnt of the material 26. 

If only a small amount of the electro- 
phoretic material is deposited on the anode, 
a half-tone appearance is produced at the i- 
anode side of the pand dependent upon 
the amount of material deposited electro- 
phoreticallv on the anode. Hence the colour 
chpractcristic at the anode side of the panel 
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ABSTRACT : PURPOSE; To eliminate unequal displays and to extend the life of the title display device 

by providing plural pieces of thin wall parts which esctend from a substrate side electrode 
so as to exist near to a display side electrode, thereby preventing settlement of 
electrophorectic particles. 

CONSTITUTION; A dispersant 1 1 such as a tetrachlorofluoroethane system or the like 
colored by ink or paint, etc., and the electrophorectic panicles 12 of titanium oxide, etc., 
are dispersed uniformly in the housing of the electrophorectic display device 100. Plural 
pieces of the thin wall parts 16 which extend from the substrate side electrode 1 5 so as to 
exist near to the display side electrode 14 opposite thereto are provided. However, the 
cells are not completely divided and are not connected near the display side electrode 1 4. 
The settling speed of the electrophorectic particles 12 is then relieved by the respective 
cells. The unequal displays are thereby decreased and the 4ife of the display device.is 
extended. 
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alternating voltage of 150 V and 60 Hz 
was half-wave rectified by a rectifier so as 
to produce repeated unidirectional pulses of 
voltage and when this pulse voltage was 

5 applied between the EC glass electrode and 
the aluminium plate, the suspension layer 
emitted electroluminescent orange light 
when the EC glass electrode was the cath- 
ode and green light when the glass was the 

10 anode. 

The device of this example was useful 
as an electric colour changeable panel cap- 
able of being altered in colour from green, 
through yellow, to red and vice versa tmdcr 

15 excitation by ultraviolet light 

Attention is directed to our co-pending 
Applications 19611/70 and 19612/70 (Serial 
Nos. U313.412, 1.313.413) which conUin 
claims directed respectively to devices and 

20 to methods of opcrating^c^ccs utilizing 
elcctrophoreiic faovemcnL 

WEIAT WE CLAIM IS:— ; 

1. A display device comprising a layer, 
including a lumiiicscent material, the lumi- 

25 ncscent appearance of -the device being 
controllable by dectrophoretic movement of 
an dectrophoretic material in said layer. 

2. A dismay device in accordance with 
claim 1, wherein said dectrophoretic ma- 

30 terial is luminescent 

3. A display device in accordance with 
claims 1 or 2, and comprising a luminesc- 
ent non-electrophoretic material. 

4. A display device comprising a layer 
35 including a suspension medium and at least 

one material in a form susceptible of elec- 
tro pho re tic mobility suspended 'in said 
medium, at least one of the components of 
said layer being luminescent material and 

40 at least one of the components of said layer 
being substantially opaque to <he radiation 
which excites the luminescence or to visible 
light emitted by the luminescent compon- 
ent said suspension being bounded by op- 

45 posed surfaces, spaced electrodes positioned 
with respect of said surfaces whereby on 
apply'mg an electric fidd across said layer 
between said dcctrodcs, the spatial distri- 
bution of said dectrophoretic material be- 

50 tween said surfaces iS dectrophoretically 
changed whereby to change the* luminescent 
appearance of said device. 

5. A display device in accordance with 
claim 4. wherein said surfaces are generally 

55 parallel. 

6. A display device in accordance with 
daim 5, wherein dcctrodcs are positioned 
to impose on said suspension a field which 
is substantially at right angles to the said 

60 surfaces. 

7. A display device in accordance with 
claims 4, 5 or 6. wherein at least one 
electrode is positioned on one of said sur- 
faces. 



8. A display device in accordance with 65 
any of claims 4 to 7 wherein a wall mem- 
ber defining at least one of said surfaces is 
transmissive to energy for exciting said 
luminescent material. 

9. A display device in accordance with 70 
any of tlie preceding claims, wherein said 
luminescent material is capable of being 
rendered luminous by dectromagnetic radi- 
ation, 

10. A display device in accordance with 75 
claim 9, wherein said radiation is ^ia the 
non-visible spectrum. 

11. A display device in accordance with 
claim 10, wherein said radiation is in the 
ultra-violet range. 80 

12. A display device in accordance with 
any of the claims 4 to 8. wherein said 
radiation is energy from a radioactive 
source. _ ^. 

13. A' display deviccr m TOTordance with 85 
claim 12, wherein said source is an em- 
bodied part of said display device. 

14. A display device in accordance with 
claim 13, wherein said source is ia said 
suspension. 90 

15. A display device in accordance with 
claims 12. 13 and 14. wherein said energy 
is radiation from a radioactive isotope of 
radium, strontium 90, tritium or promc- 
thium 147. 95 

16. A display device in accordance with 
any of daams 4 to 15 comprising means 
for applying a voltage between said elec- 
trodes, 

17. A display device in accordance with lqO 
claim 16. and comprising means for im- 
pressing an alternating electric field on said 
layer. 

18. A display device in accordance with 
claim 16. and comprising means for im- 105 
pressing a repetitive ^ni-directional pulse 
field on said layer. 

19. A display device in accordance with 
any of claims 4 to 18, wherein at least said 
dectrophoretic material is luminescent no 

20. A display device in accordance with 
any of the preceding claims and comprising 
at lea.st two dectrophoretic materials, which 
differ in charge polarity. 

21. A display device in accordance with 115 
any of claims 1 to 19, and comprising at 
least two dectrophoretic materials, which 
differ in electrophoretic mobility. 

22. A display device in accordance with 
any of the preceding daims. and comprising 120 
at least two dectrophoretic materials which 
differ in luminescent properties. 

23. A display device in accordance with 
any of daims 4 to 22 wherein said suspen- 
sion medium is luminescent 125 

24. A display device in accordance with 
any of claims 4 to 23. and comprising a 
porous layer inserted ' in said suspension 
medium. 
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^5. A display device in accordance with 
claim 24 ^vhcrcin said porous layer is lum.- 

"^6'"^ display device in accordance wiili 
5 any ot claims 4 to 25. wherein said suspen- 
sion further contains a bmder g^f 
trophorctic material, vmich b'ndcr is at 
least partially soluble in said suspension 

10 97""a display device in accordance with 
any of dafms^ to 26. wherein said suspen- 
V <\.i medium is a hardcnablc material. 

"s A dTsply device in accordance with 
claim 27. SrL said suspension medium 

IT K?af device in accordance with 
any of daSs^ 4 to 26 whciein said suspen- 
sion medium is heat s?^^^!'^^!:^..^^^ ^itli 
\ Hisolav device in accoraancc w.ui 

not o' dainL- 4 to 29. and including means- 

• fjdd as to i^ensity and/or duration and/or 

.5 ^tl"' A display device in accordance with 
any of the cfairL 4 lo f ■ f ^ '^vrluj"^^^^ 
housin" enclos ng said layer, said 

. J^^^nfins two spaced oPP°f "^eSn 
in<T walls between which said ?"spcn»ion 
30 a^er and said electrodes are positioned 
T> A disc ay device m accoraante wun 
claim 31 whc ein at least one wa! and the 
aScnt clStrodc are transparent to visible 

IS 'Hi' A display device in accordance svilh 

claim 32^^ v^kV- or 
ndiaccnt %vall s transparent to energy, or 

rSation, inducing lurnin^cenc^^^^^ f " 
other clc<:trode and the other wall is trans 

40 parent to visible light. ^^-^^ancc with 
-XA A disolav device in accordance ^/llu 

dato 33 SSia one ol said >valls » •»»'• 

wiUi respect to ^isiDic nc»^ 
<:r-Qnd electrode attached tliereto. 

^^^1^ A disDlay device in accordance with 
any of daSs 4 to 35, wherein at least one 
55 o^^saTdXtrodes^^ in the shape of a de- 

'''li'T^.^y^^^^^^ ^^^^ 



any of claims 4 to 35. wherein at least one 
of said electrodes is formed as a series of 
independent electrodes disposed on a com- 60 

inon surface. . . . 

38 \ display device in accordance witn 
claim 37. wherein said electrode is formed 
as a series of substantially parallel strips oE 
electrode material. . 

39 A display device m accordance with 
claim 38 wheriin the odier electrode is 
formed as a series of substantially parallel 
strips of electrode material. 

40 A display device m accordance with 70 
claims 38 and 39. wherein the ^strips of the 
respective scries arc disposed substantially 

at rialit ancles. . . 

4r A display device in accordance with 
claim 37. and comprising means to deljne 75 
individual bodies of suspension pertaining 
to and coatroUable- by said mdepcndent 

clcarodcs.^^^ device in accordance with 
claim 41 wherein said individual bodies of 80 
suspension have dillerent luminescent prop- 

^^43^ A display device in accordance with 
any of claims 4 to 42, wiierein at least one 
said electrodes is provided with an insulat- h5 
layer in contact with said suspension. 

44 A display device in accordance with 
claim 32 wherein said transparent housing 
wall or said transparent electrode has a 
mosaic of colour filters thereon. VO 

45 A display device in accordance with 
any of claims 4 to 44 and comprising cylm- 
drical inner and outer walls confining said 

^"4^^" A display device in accordance with 95 
claim 45. wherdn the interior of said inner 
wall contains a gas. and co'npr!^'"? ["f ns 
for producing a lummous dectric discharge 

m said gas._^ device in accordance with lOO 
any of the claims 4 to 46. said device being 
ia association with an electron beam de- 
vice, the beam current of which is adapted 
to control the electric fidd exisung across 

48 An improved display device, sub- 
stantially as described, with reference to the 
accompanying drawings. 
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display or the nature of the suspension, or 
both, but the ceHs must be at least greater 
'Jiau tlie dimensions of tJie particles of 
clectrophorctic material in the suspciision. 
5 By dividing Uie suspension layer into a 
plurality of cells or units a more uniloi'm 
or sharply defined display can be produced 
because movement of the clectrophorctic 
material is confined to the limits of each 
10 cell. Suspension material in dilfcrcnt ceils 
of the same assembly may emit Vvg^hi of 
different colour. Tlie suspension units are 
preferably disposed between electrodes, one 
of v/hicli has a plurality of segment elec- 

15 trodes as sliov/u at Ei, E-, Ej in Figure 

12b corresponding to and in contact with 
- the suspension in the individual cells, the 
otlier electrode being transparent and ex- 
tending over the transparent wall 24 of the 
20 housing, also as sho^o^in.J^igure 1 2b. If 
the ceTls arc very numerous, liie electrode 
E,. E,. E3. etc. can be formed as dels. In 
this way, each cell with its portioii of the 
suspension layer between an clccircde scg- 
25 ment and the common electrode iorm.> an 
individually ccnlrcllablo picluro elomciit 
Each cell can be caused to produce a colour 
image by applying a direct viltag.; belwocn 
the common electrode 28 and the selected 
30 scgmen: electrode while the suspension layer 
units arc exposed to radiation flux. 

One way to provide electrodes for a num- 
ber of such cells which are in an orderly 
pattern is to provide a first electrode struc- 
35 ture consisting of a plurality of strip elec- 
trodes parallel to each other and a second 
electrode consisting of a plurality of strip 
electrodes wtich are disposed at right angles 
to the strips of the first electrode, similar 
40 to the arrangement shown in Figure 7. The 
cdl located at each intersection of a strip 
of tlie first electrodes and a strip of the 
second electrodes can llien be selectively 
activated, and can be used as a picture 
45 element Tne cells can then, by use of a 
suitable suspension, be arranged to emit 
different colour light, for example red light 
as at 50R, green'light as at 50G. or blue 
light as shown at 50B in Figure I2c, The 
50 production of a suitable electric field by 
appropriate voltages impressed on the elec- 
trodes can be arranged to cause selected 
picture elements to reproduce a luminesc- 
ent coloured image on the display panel. 
55 A display panel for producing a colour 
image can be provided by usii-.g mosaic 
colour filters and a suspension capable of 
changing in shades of grey between black 
and while; areas of die transparent wall of 
60 the housing or the transparcjit elcclrode 
corresponding to each picture clement in a 
display panel of the type shown in Figures 
7 or 1 2b arc selectively coloured so that 
it acts as a colour filter, for example, for 
65 red. creen or blue. However, a display 



device having at least three kinds of suspen- 
sions, that is red, green and blue, gives a 
better colour rendering, especiaily with re- 
spect to die brightness of die high iights. 
than can a panel with the mosaic colour 70 
- filter on the transparent wall or electrode. 

A monogrammatic cliaracter display 
panel, similar io that described whh refer- 
ence to Figure 6, can also be formed by a 
scries of individual units each correspond- 75 
iiig to one of the segmental electrodes 
siiown. 

It is not necessary that the suspension 
layer should be defined by plane surfaces, 
and curved surfaces can be used. For cx- SO 
ample, in Figure 14, the suspension layer 
50 is enclosed in a housing consistuig prin- 
cipally of two concentric cylinders 75 and 
76. TIic inner cylinder 75.orries an elec- 
trode '79'and" cyliifider76''fh • ele^trbde -73 35 
attached thereto. Electrodes 79 and 78 are 
similar in nature to electrodes 52 and 53. 
The cyUnder 75 can be constructed to en- 
close a gas such as, for exaiiipic. argon or 
krypton aiid mercury capable of sustaining 90 
a gas discharge. WiUi the gases men lie nod. 
uilra- violet radiation, mainly at 2537 A, is 
eniitied if an electric field is applied to the 
gas in conditions to cause a suitable dis- 
c 'large. 95 

The inner cylinder and the electrode 
attached to the outer surface of the cylinder 
are transparent to die radiation flux. The 
outer cylinder and the electrode on its inner 
surface are transparent to visible light A 
direct voltage from a voltage sourc*e 30 is 
applied between the electrodes so as to con- 
irol tiie spatial distribution of the electro- 
phorciic material of the suspension and 
thereby the luminescent appearance of iiic 
device. The source 30 can supply not only 
the direct voltage but also said electric field, 
such as an aliernating field for producing 
the gas discliarge. The inner, surface 101 
of the injier cylinder can have upon it a ^ 
coating oi fluorescent material to convert 
the light in the ultra-violet, spectrum from 
the gas discharge into radiation in other 
parts of the spectrum. The device in Figure 
14 is useful as a fluorescent lamp, the colour 115 
of which can be changed by varying the 
intensity, duration time of application and 
the polarity of applied direct voltage. 

the amount of electrophorciic material 
in a suspension medium or the thickness of 120 
the electro phoredc suspension layer is selec- 
ted, depending upon the opacity, luminesc- 
ent property or elcctrophoretie property of 
the elcctrophoretie material, the range of 
colour change required in the device, "feasi- 125 
bility of the voltage souce and so on. 

Since the display devices described are 
or the luminescent type, a-componcht of the 
susi-jcnsion layer must be opaque with re- 
spect to the radiation flux and /or visible 130 
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li^ht in order to make an adequate colour 
chan-'e. The thicker tlie suspension layer. 
S holier U.e applied voltage ly re- 
quired: The tlunner llie suspc" on la 
s th' nrcatcr the concentration of Jcciro 
' Phor^^i^f material required for a giv^n 
•olour chansc. The thicknew of tlie sus. 
p?n^on laye-r in practical d=y.«s is usuaHy 
in the range from a few nucrons to a tew 

The following are examples of suitable 
material. 

w^ut The 'Tccn particles had ncgaiivc 

25 comwny in Japan in a main body ot z.ae 
S^-^^l" were added to 50 ml o oiivc oi 
rV;iv<.H well bv ultrasonic vibratioii to 
and mixed weii ^ second paste 

nr—\-\cc a second paiie. me iccu"»* t 
prv,ajcc a s^>-"__..,i',.„. ...;,en viewed m 



cli?e oit" Equal volumoi of the 

first and the second pr-Stci -^vcrc v--^ 
35 To nr-Juce a third pasic, lUc uurd p.^M- 
?J ntccd b-^^^^^^^^^ aluminium plate 
an EC ulass clc.lrode so to produce a 

having a uiickness ot lOu/. J 



u'-cd were clL\:lrolumincsccnt and tiic sus- 65 
pension layer radiated electroluminescent 
lisht on appiicalion of an electric field. 
'A direct voUace of 300 V was applied 
b-iwecn tlic EC dass electrode as cathode 
and tlie aluminium piaie as anode. After 70 
diat. when a sinusoidal alternating voltage 
at 250V at I kHz was applied between the 
two electrodes, die suspension layer ciniued 
a briaht areen light tiirough the EC glass. 
Wiien the sinusoidal voltage was applied 75 
betv/een the two eiccirodes alter application 
of a direct voltacc of reverse polarity, ihe 
suspension laver was deep green. As men- 



tioned above, the suspension layer in this 
eKampie radiated visible light when ultra- 
violet licht or an alternating electric field 
was applied to it. The cell was useful as 
a colour cliange panel in which green bright- 
ness could be controlled. 



80 



85 



40 



liavini a uiicKness iw^. — ^',:r^„_ 
was a transparent glass plate having a trans- 

parent conductive layer of ^^^,.<^^}^^ 
L. The suspension ^fV^'^^^^^ 
ish green liglU througli the Sl^^/^^^. 
trod* when tiie suspension lay^.i was ex 

45 poSd. Srough the EC f « f et^<^f,i„.^,^^ 
ultra-violet ladiaaon fl"^^,tf°«\^ ^"^n v was 
laniD V/hen a direct votlagc of jCO / was 
Sed beween the EC glass electrode as 
caS ode and the aluminium plate as anode. 

50 Actmincscent colour P£ ^"^-J^^^ 
laver changed and became br glu gr^en. 
What the polarity of the applied voltage 
was JeveKcd. tlic colour of the suspension 
ilyer b^Sue deep green. The lumiuesccn 

55 Si colour of the su:>pcnsion layer coidd 
be chan-^d in bri=hiness by varying the 
Soll^^r thne of application or polarity of 
S rppUcd voltaga Tlie displayed co our 
cou'd^c maintained after the remova of 

60 the aoD^ied field. The redcctive colour 
c^rSslic of the suspension layer could 
a^fo Se its green colour on application 
n diiict voltaic when viewed under 
wl;ite Tl'e-zinc sulphide particles 



Ten grains of fluorescent powder particles 
«;i:nplied a^ cL-RI by Dainipix)n Paint 
Comoany in Japan, in a main body of ziac 
sulnh'ido v/as added to 50 mi of toluene dis- 
solved le:i iirams of vif.yi ajciatc resin 90 
ihere.^1 "and >iii.\od well by application of 
ultrasonic vibra;icn to produce a n^sie. 

The surface of screen sheet No. lOtX) 
supplied bv the Teijin Company of Japan 
and woven of polyester fibre was coaled 
Willi the paste to produce a luininesceni 
porous layer. The porous la\er emhied red 
ii'^ht when cxnosed to ultraviolet ligiit from 
black lishi lamp. Five grams of the 
fluorescent powder particles as used in bx- lo*.* 
ample I were added to 50 ml of isopropvl 
alcohol and mixed well by an ultrasonic 
vibrator to produce a suspension. Ihe 
pov/dcr particles had negative charge pol- 
arity in isopropyl alcohol. The luminescent lu:) 
porous layer was inserted bctv/een two screen 
sheets No. 1350 supplied by Teijin Com- 
pany of Japan to produce a sandwich: a 
housing was fashioned by in:^e^lIng ihe 
sandwich between an EC glass electrode and 1 
an aluminium plate, and the housing was 
filled with the suspension to produce a 
luminescent electrophorctic suspension layer. 
The housing was made liquid-tight by an 
adhesive agent. When the suspension layer no 
was exposed, through the EC glass elec- 
trode, to ullra-violc: light from a black 
li<-ht lamp, the suspension layer enutted 
vdlow lidit. When a direct voltage of 25V 
(vas appfied between the EC glass electrode. UO 
as anode and the aluminium plate as cath- 
ode, tlic luminescent colour of the suspen- 
sion layer v/as green under ultra-violet light. 
Application of a direct voltage of reverse 
polarity between the EC glass electrode and 12-^ 
the aluminium plate changed the lummesc- 
ent colour of the suspension layer from 
'Tfeen. through vcllow, to red. A sinusoidal 
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((uisit d^ree of dectrophotcrlc mobHity 
is possible when voltage is applied A suit- 
able suspension layer may be in a solid state 
at room temperature but capable of being 
5 softened by a suitable metliod, such as 
heating or the addition of a solvent. 

An electrode 57 is shaped to give a de- 
sired pattern of contact with the surface o[ 
the suspension layer. A direct electric field 
10 is applied between the electrodes so as to 
move the clcarophorelic material electro- 
phorctically while the suspension layer is 
softened by heat or by means of a solvent. 
The suspension layer is exposed to radia- 
15 tion flux and when tliercafter the dectrode 
57 is removed the pattern remains on the 
surface of the suspension layer. If the base 
plate is transparent, a complementary pat- 
tern of different colour can be obser\'cd 
20 through the base plate. A permanent pattern ^ 
can be produced by cooling the'^p^fisiQn"' 
layer or by evaporating the solvent as the 
case may be. If tlie base plate 65 is con- 
ductive, it may be used as the electrode, and 
25 a separate electrode 66 is not required. 

The luminescent component in the 
luminescent electro phorctic suspension layer 
can be a fluorescent material of the type 
used in fluorescent lamps, sciiuiilaiors, 
30 cathode ray tubes, radar or luminous paints. 
Tlic luniinescent clectrophorciic material 
can be organic or inorganic flucre-jccnt ma- 
terials in" a finely divided powder form: 
fluorescent pigments or dyes can be used 
35 directly. Fluorescent material wiiich can be 
used include material in the form of a main 
body consisting of the oxide, sulphide, 
sclenide. silicate, phosphate or tungstate of 
nictal such as calcium, barium, magnesium. 
40 zinc, cadmium or strontium. A small amount 
of manganese, silver, copper, antimony, lead 
or bismuth is added, as an activator, to the 
main body. Organic fluorescent materials 
which can be used include dyes such as 
45 diaminostilbene group, fluorescein, thio- 
flavine, casinc or rhodamine B. 

The luminescent appearance of the ma- 
terial refers to the intensity and /or spectral 
distribution and persistence of llic light 

50 emitted from die luminescent material in 
response to radiation flux or electric field 
applied thereto. Suitable luminescent sus-' 
pension m<xKum can be prepared by dissolv- 
ing the fluorescent dye in a iiquid carrier 

55 or by suspending elect ricaUy neutral fluores- 
cent material in finely divided pov/der form 
in a liquid carrier. 

The luminescent porous ^aycr can be 
prepared by using iion-luminesccnt cloth. 

60 mesh or porous layer material, dyed or 
coated widi fluorescent dye or pigment or 
by binding together fluorescent material in 
granular form, using resin or adhesive 
agent, to form a porous structure. The 

65 clcctrophoretic material need not be lumin- 



escent ^en the suspension medium or the 
porous layer is luminescent; noa-4umines- 
ccnt electrophoretic material which can be 
used includes, for example, carbon black, 
graphite or titanium dioxide. Black pigment 70 
may be opaque due to absorption of visible 
light and white pigment may be opaque due 
to reflection of visible light 

An electrophoretic material suspended in 
a suspension medium usually lias a charge 75 
wlrich is positive or negative depending upon 
the properties of the electrophoretic ma- 
terial and the suspension medium. 

Tlie clcctrophoretic suspension 4ayer 27 
or 37 of Figures la or 2a can consist of a 80 
single electrophoretic materiai of either 
positive or negative polarity, suspended in 
a suspension medium. The electrophoretic 
suspension layer 42 or 44 of Figures 3a 
or 4a must include at least tv/o kinds^oC 85 
electrophoretic materials suspendcdnrn-Hhc ~ 
medium. These tv/o kinds of clcctrophoretic 
materials must have different luminescent 
properties, and different charge polarities 
or clcctrophoretic mobilities. Accordingly, 90 
in preparing an clcctrophoretic suspension 
^ayer such as 42 or 44, at least two electro- 
phoretic materials having suitable lumines- 
cent properties and electrophoretic proper- 
lies miist be selectively suspended in the 95 
suspension ,medium. 

The suitable average particle sizes of the 
finely divided particles depend upon the 
stability of tlie resultant electrophoretic sus- 
pension, and lie usually in the range from 100 
0.1^». to 50.M.. 

It is advanUgeous to add a suitable 
charge control agent, dispersion agent or 
stabilizing agent to the electrophoretic sus- 
pension layer in order to provide a stable 105 
suspension layer. To control the charge pro- 
periy of tlic suspended particles, it is pre- 
ferred to use particles coated v/iih a resin 
which is not soluble in. or only partially 
soluble in. the suspension medium. If the HO 
coating resin is partially soluble in the sus- 
pension medium, it can abo act as a fixing 
agent for a displayed image. 

Paere can be used, as a suspension 
medium any suitable liquid v/hich is inert 115 
to the electrophoretic material, the porous 
layer, the housing and the electrode. For 
producing a temporary display there can be 
used as a suspension medium in a liquid 
stale at ^room tcmperalures. that is from 120 
0''C to 35 'C. Suitable suspension media 
include, for example, kerosene, trichlorotri- 
fluoroethane. isopropyl alcohol, mineral oil, 
liquid paraffin or olive oil. For producing 
a permanent display, that is. a permanent 125 
or semi-permanent copy, the suspension 
medium may be one which is in a solid 
state at room temperature but can be 
rendered fluid or liquid'- above room tem- 
peratures, that is, above 35'C Such media 130 
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include, tor example. wax« such as bees- 
wax vegetable wax. paraffin or s^nuiui^ 

Ml usi:!" tliesc .raxes and iinilar ma- 
s • .ii he device, or at least l!ic s^Jipep.s.on 
h^:^ .J^st be kept at a si.iiabie ie:Mpcra. 

room ' --rr^-V^ture. for record- 

:n U.e dWpiay. After tue uevico ^^-^ J-'l,-' 
s hi- to'' io the direct clccine field at ur^ 
10 ^tlt-r ter5=rau,re and the spa ja d.^ . 

c ecirophcrcticaliy. t-i- a- -c i- . 

CM - Micioii layer has hardc.vzd. an 
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Th^' suspension mcdiimi raay consist of 
a ^;:.Stab!e material whid. .s m a 
Uquid Slate at room teinperat^^^^^ 
pl\t^'v tr^rnianent display is ° r 
hv nrodJoii- the desired distributioi cf 
S c <^'S>5reiic niaterial.and the. settmg 
! c .ncdium by the application of heat, 
u.u Mi_a / ^,^»*-ini<; which can hz 
T^^ •rmiwnttin*'' niaieiiaii wui-ii 

as suspension media ^ this way m- 
ci'tlde. tor example, drying s'-iH^/j'. ^ 
,^ seed oil, ^oya CM or tang CM . T.,e hq^^^^ 

35 suspe:'.sion medium i^y-j j 

"ST\;"rd copy' having a' permanently 
40 ?'igblo iSge re'produced thereon 

ooiamcj - "L Ti„,%. "vocation or cv 
residual medium. T!ic « ;Py ^ ^ 
traction of the medium 

45 

eluding clcctroplioreac V/^i^'^utlet'fonncd 
per.vjion medimn through an outlet tonncu 
11 a v/ail oE Uic housing. 
Cm;'-iM<- hnusiii'^s can be made ot an> 

suspension medium and ^3 ^an 

r»'in-rial For cxamnic. the rramc -j 

fnm»-'l front a nlastic slieei aa-.n^ 
be rorn.-J ii^*" • . , , ^,.^ 5 ^an 
central opening. One o» -^-o 
55 be provided with a mela! p ate ^-^^^-^^^-^ 
-dliL^sive io the frame: such a platu- inay 
scri^ as one electrode as described. Tlie 
X; can be provided by a t^^^^^^^^ 
cH*i<;s nlate secured to the frame by aoiicsivt. 
fhfpl'are having on it a transparent cond^; 
tiv= thin r.l.n such as_ a ^2!,, of tm ^.-d.; 



ted behind the panel the metal plate can be 
'•n'aced by a second transparent glass plate 
wUh a conductive film on it. These methods 
cf coniiruclton arc given by way of ex- 
ample only, and any ot a variety ot 
methods can be adopted. 

[•;°l^se.nb!ina the device lite elcclron!<.or- 
etic suspension" can be introduced by pro- 
vi-iin" a houtinc with only one major wall 
ilU'ched. pouriiig in the suspension ai-.d then 
51 achins the closing wall, or the hcusmg 
can be conir.leted but tor an miel m one 
wall throu!i"!t wliich the siispcnsiou is 
poured, and the inlet closed wl;en the 
liousim: lias been filled.- , . ■ ,i 

Improved operating life can be ob amcd 
bv coalinsr a! least one of the elec rodes 
wiUi an iiTsulaling layer in contact with the 
suspension laver. This insulating layer im- 
proves the resistance of ihe suspension layer 
W c'ectrical"break«^vr5nd pcnnils the lise 
oi hWi^er electric voltage. The layer also 
makv^ it easier lo remove tlx electrophore ic 
m--ial iroin tlie eectrcde suru.-e wlien 
Srmiiia «ew imr.ge by subjecting the de- 90 
vice to the appropriate electric held. 
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e:.' -liode 28 is coatea wiui .m r..^...-....;- 
iaver 70 which is insoluble in the siispen- 
si6n medium. The oUier electrode 29^ or 
both electrodes can be so coaled with insu- 
lating material. The insulating layer can be 
nrovTded by coating the electrode wiin. tor 
example, vinyl aceuite resm. poiystyrol or 
"oiaiin. which torms a transparent insula - 
ing layer suiiabie for a transparent wall o 
hS iiousins. The thickness of ihe layer 70 
depends o^ die electrical resisian -e wmJi a 
is desired that the layer and the ciect.o- 
phoi^tic suspension layer 22 slipu d have 
For oneration at a low voltage it is oesuable 
\L the insi^J-aling layer 70 .shotild ha^-e an 
electrical resistance no greater than that ot 
ihe suspension layer 22. ,• • i i , . 

The suspension layer can be divioed lo 
present a series of individual cells or cham- 
'-Ts nested to form a composite laver. for 
c-:;ar:iple; as shown in Figure I2a the su.^pen- 
'ion lavir 50 is split up by a plurality o 
"spacers' 71 extending l.-averscly of ih^ 
laver so as to presenf a number of ce^ s 
T> .-ach conlaiaing the suspension, 
oVers can bo provided by a sheet of m:.- 
leiial 73 having holes therein, as shov.n in i-t' 
Fieure 13. used so as to divide the suspcn- 
sio'ii laver into .separate chambers or cUis. 

i he ceUs. formed by holes 74 or other- 
wise, can have cny suUable shape, such as 
square, as shown in Figiire 13. circular, r.v. - l- 
an=ular. hexagonal, and so on. The .ells 
live lUin linn su-.;i « - "■^..r'tniisnarent caii he re=i:lar or irregular in si ap-- ana 
cuprous iodide or metal. TJte tra isparu.i c^n ■ v dimension and dis!)o i- 

coltductivc thin fih^ isjn contact wun Uie ma .ao^^^^ .^^^^ dinfensions. of the cells 

arc s-elccicd in acccrdaiice with the ocsir^a \M 
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eSphoretic suspension layer. To pro- 
65 vide^ device with a radiation source loca- 
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or an alternating or direct pirisc type voltage elcctrophoretic material suspended in a 
between electrodes 51 and 52. TTie colour suspension medium, enclosed in a housing 
of the 'E' can be changed for example by 22 having major walls 24 and 25. 
reversing the polarity of the applied direct A first electrode consists of a scries of 
5 voltage. strip electrodes x,. x-, x,. . . . whicli are 70 

When the layer 50 emits light wlicn ex- parallol to each other and are attaclied to 
cited by radiation Ilux; the device is pro- liie inner surface of v/ail 24. A second 
vidcd v/itU at least one radiation source, in electrode is attached to the inner surface 
front of or behind the panel, and the wall of wall 25 and consists of a further series 
10 and dec I rode attached exposed to the radia- of strip electrodes Vj, y-, y„ . . . paraHcl 75 
lion iiux mus': be tnuis parent io it. The to each other and at right angles to elec- 
colour characteristic of the symbol- can be trodcs Xi. x., x- . . .. 
changed, while the suspension layer is ex- If the device is to be observed through 
posed to ndialioii flux, by varying the mag- the v/all 24 t!ie wall 24 and the adjacent 
15 niludc. durp.tion cf application or polarity . electrode must be transparent to visible go 
of tlie applied direct voltage. light When the suspension layer 22 is ex- 

Tlic construe lioii shov/n in Figures 6a cited by the radiation Ilux so as to emit 
and 6h includes a luminescent electro- light, the device has at least one radiation 
phorciic suspension layer 50 wliich can b^ source iii front of or behind the panel. The 
20 any of tSj^Sfictrop ho rctic suspension layers -Uoasing. \vali-and - the electrode facing to- 35 
described, siich as hiyerS- 2I7 37, 42 or 44. ward tlie radiation source arc transparent 
The layer includes at least one electro- with respect to the radiation flux, 
phoreiic materia! suspended in a suspen- A unidirectional electric field is applied 
^ioi\ medium and \s enclosed in a Iio using botv/ecn one electrode of the series Xi, x., 
25 22 having two opnos:itc major walls 24 and x,. . . . and one of t!ie scries yi, y^, y.i. • 90 
25. ^ * If. Tcr cxa.mple. voUagc is applied' between 

A first electrode 53 is composed of a nlur- electrodes ;u and y,. diat part of the sus- 
aiily or separate sc<miental electrodes P-nsion layer 50 at the mtersection elec- 
Si— 5.. A second electrode 52 extends uni- erodes x- and y- Ls subjected to the field 
30 formly over Uic area of wall 24. The wall ^0"^"'-^ one picture element. The 95 

and eloclrode tlirouch whicli the device is "^rrov/er t!ie strip electrodes, tlic siualler 
observed are transoarcnt to at Icart visible picture elcm.ents thus formed, 
light. When layer '50 is exposed to radia- More thaii one electrode can be selected • 
tlon flux to cause it to emit li<rht, tlic wall f»oni each series to enable a desired pattern 
35 and adjacent electrode exposed" to radiation of picture elements to be built up. Scan- i(X) 
iiu:: must be iTan!;parcni to ihc Tii-x. IZlec- J^ing tecl^niques can be utilized to scan the 
irodes S.— arc connected through con- ?>'ture elements sequentially and cyclically, 
ductivc leads lo dccirical terminals T,— T- The desired series of strip or segmental 
positioned on the exposed surface 01 die electrodes as siiov/n in Figiircs 5. 6 and 7. 
40 v^ll 5 as shov/n in Figure 6b. The eiec- can be prepared by any suitable method. 105 
trodcs Si — Sy provide a i;ionogrammic dc- such as electrodeposition. vacuum evapora- 
vice, so that different combinations of the, yon. prinUng_or_photcctchingjcchniques. 
electrodes St — S; caii be used lo present Another embodiment of ihic invention is 
diiTcront numbers or characters when a shown in Figures ctf. 3^^ and 8c. Ttiis in- 
45 direct electric field is applied across the eludes a suspension layer 50. which can be no 
selected segmental electrodes and the .*;ec- any of the layers previously described. The 
ond electrode 52 wliilc the suspension layer layer includes at least one elcctrophoretic 
50 is exposed to radiation Rux. For ex- material suspcr^dcd in a suspension medium 
ample, a direct electric fi.dd applied across and is (Uiclased in a housing 22 having 
50 the electrode 52 and the segmental olec- spaced v/alls 55 and 56; at least one v/all. 115 
trodes S,, S^, ..Sr. and S^ wHl cause the in this case wall 55. consists of a sheet of 
device to display a formalised figure *3'. an insulating material such as polyester, 
Tn ano'Jicr method of connecting the seg- cellulose acetate, cellophane or polycthyl- 
mcntal electrodes S, — S- to the respective cnc. 
55 termma4s. shown in Figure 6c, the electrodes An electrode 57 is (^aced on the outer 120 
are connected to electrical terminals located surface of the wall 55: it is not fixed to the 
on tlic edges of the wall 25 by using leads surface of the wail and can be easily re- 
1., — Lj formed on the same surface as die moved. The electrode is, however, coupled 
segmental electrodes. Odicr methods of 10 the suspension layer 50. Tlic .<HXond 
60 making the necessary' connections can be electrode can be. for example, a metal plate 125 
adopted. and as .shown is conslitutcxi by the other 

The. construction of Figure 7 includes a wall 56 of the housing, 
suspension laver 50 which can be any of the If the second waH has- a high electrical 
layers described such as layers 21. 37. 42 resistance, a second dectrodc can take the 
65 or 44 and as such includes at least one form of a tliin electrically conductive film 130 
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attached to the inner surface of the wall 
56: again, it is also possible to "se as ih 
dKtrldo. a metal plate on winch he v/a U 
56 is placed. If th* wall 55 has a high ckc- 
5 trical resistance, a higher value of dircU 
voltage must be impressed between the 

""' tIic contact area of the first electrode 57 
can be given a pattern, and when a direct 
10 electric lietd is applied corresponding paj- 
terns are produced on Ihc surfaces ot svalls 
55 and 56 due to the movement of the 
electrophoretic material, and tins pattern 
wUl persist after removal of c k-ccrode 57 
15 Tlie wall of the housmg through which the 
cllect Is observed must bz traasparent to 
visible light and the wtiU exposed to radia- 
tion fiux must be transparent to it. 
The electrode 57 can be a ma.nipulablc _ 
20 electrode, such as a pea-like '-^cctro^l^ '^P-^ 
able of b:iaz moved freely over the surface 
of waU 55 md it is then possible to produce 
a desired pattern, or writing, on the surtace 
of Uie wall by applying voltage between he 
25 pen electrode a:id electrode at 56. while the 
electrode 57 is moved. 

Ti[e desired electric field across the sus- 
pension layer 50 can be produced by surface 
eliar^ing of the high resistance wail 55. 
30 usina charged particles such as ions or clcc- 
irom ill manner similar to that used m 
cleclroslatic recording. 

To erase Uic elcJtrosiatic patterns, a 
roHer having a conductive surface can Do 
^5 us-M, with alternating or direct volia^e ap- 
plied to it, tlie roller being 
hiSuiaiins: surface of tiic wnH. Alternaavdi. 
positive ^or negative charged particles can 
put on the surface of the wall to produce 
40 the erasin!! electric held. 

It is preferred to insert between walls 5d 
and 56 a spacer such as a porous layer 5o 
^ shown in Figure or a sheet 59 having 
a larcc number of projections, as shown .a 
45 Figure 8c. particularly when the walls are 
of'floxible material. Said spacer is subslan- 
umW transparent to visible iigat and radia- 
tion fiux and serves to keep the wails 5d 
and 56 apart, and presene the desired 
50 Uiicknoss of layer 50 despite pre^ure 
applied to the wall of die housing, due to 
die pressure of the electrode 57 or to betid- 
ins of the housing, where the eleUro- 
phorelic suspension layer is in liquid form 
S5 T!ie snacer can be made from any sheet 
having pores or projections and suitable ma- 
terial is a screen made of nylon or Tetron: 
Tetron is a trade name of a polyester fibre 
available in Japan. T.ic porous layer j5 
60 in Fi'^urc 2a must be substantially opaque 
or luminescent, but the spacer 58 or 59 is 
substanUally transparent and non- ummcs- 
cent and may act as a mechanical spacer 
bctvs'ecn major walls of the housing. The 
65 spacer can be merely inserted between the 



two walls, or one or both surfaces of die 
spacer can be attached to the surface of the 
adjacent wall. The spacer need not be m- 
^iertcd in a suspension layer which includes a 
porous layer such as 35. if tliat layer is cap- /O 
able of serving as a spacer bciwecn wails 

of the housing. . • . 

Another form of construction is shown 
in Figure 9. Housing 22 has an insulating 
wall 55 and a wall 25 to wliich is attached 75 
an electrode 29. connected to a voltage 
source 30. Wall 25 and electrode 29 are 
transparent to at least visible light. Housing 
contains the electrophoretic suspension 
layer 50 and the housing is designed to 80 
form the front face of the envelope 60 of 
a cathode ray tube device. 

The device includes an electron gun 61 
and scanning meaiis 62. by which negative 
electron clurgcs 4a^feais^i\^ pattern can. pc . 85_ 
deposited on the insulating surface of the 
wall 55. Bv modulating the beam intensity, 
for exaairlc in accordance with a video sig- 
nal die charirc pattern built up will pro- 
duce a ccrrespondinir electric field across 90 
the electrophoretic laver 50. When die sus- 
nciision laver i:; cxpo.;cd to rr.duUion fiux. 
lisible pulteriis are reproduced on the walls 
and *55 due to the nioveinent of tnc e!ec- 
ironiiorctic materia!. Conveniently the radia- 95 
tion flu;; can be directed onto the susnciision 
layer throueh a transparent window 63 in the 
ciivelope and throuiiU wall 55. or through 
the v/all 25 and electrode 29. In tlic latter 
case, if the c'eclrode 29 and v/all 25 are 100 
triuisixireiit to radiation fiux and to visiWe 
li"Iil*!^!e 'vindow is not neccssar\-. « he lust 
-rc-ti'ode 29 acts as an anode, and tlie elec- 
uon sun 61 acis as a cathode. Tlic visible 
pattern can Ire erased by a suitable second- 10:) 
prv emission characteristic of wall 55. 

In a modification of the display device 
0,ow;i in-H2ure 9 the v/all 55 is replaced by 
a wire-mosaic faceplate consistnig of a 
liMn "lass sheet havini embedded therein llO 
a larje number of fine iransveriicly cxtend- 
wires. This wire-mosaic provides the 
clS'trieal connection between the electron 
beam iii the vacuum and the electrophoretic 
suspension layer outside the vacum. The ii5 
o'ectroa beam charges the wires of the 
mosaic and so applies in irtput electric field 
across die suspension layer, 

Fiaure 10 shows an arrangement includ- 
ii\<r the suspension laver 50 which can take i-u 
any of the forms described. The layer in- 
crudes al least one* electrophoretic material 
suspended in a suspension medium and is 
applied to a base plate or sheet 65 vyhich can 
be of material such as paper, metal or 
plastic. The base plate is placed on an elec- 
trode 66. Since the suspension layer is not 
confined within a housing, it must have high 
viscosity, but must be capable of being 
brouehl to a condition in which the re- i-^u 
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its surfaces, a luminescent colour will be 
produced vvirich is a mixture oC the lumin* 
escent colour of the clectrophoietic material 
26 ajid that of the luminescent porous layer 
5 35. if the porous layer is luminescent and 
the colour can be seen from both electrodes. 
In Figure 2 and subsequent Figures the 
radiation sources are omitted. 

If for example the porous layer emits red 
iight when subjected to ultra-violet light, 
die display device emits yellow light at both 
electrodes, being an additive mixture of 
the red luminescent liglit of the porous 
layer 35 and the green light of the clectro- 
15 phoretic material. If a unidirectional electric 
fidd is applied between the two electrodes 
28 aiid 29. the elcctrophoretic material is 
caused to pass through the porous layer and 
to be deposited on. one electrode, depending 
20 upon , its polarity, for example the anode, 
as shown in Figure lb. Also, for ease of ex- 
planation, it . is further assumed that tlie 
diiiplay is observed from one side only, that 
is fro.ai the side ol wall 24 and that the 
25 radiation is dircclcd against that side only; 
in such an arraiigcnieut the housing wall 25 
and electrode 29 could be replaced by an 
opaque electrode such as for e:-:ar.iplo, a 
metal plate. It the layer of elcctrophoretic 
30 material 26 deposited on anode 28 is opaque 
to the radiation flux and/or the light emitted 
from porous layer 35. the device in the ex- 
ample given will show the green colour of 
the' elcctrophoretic material. V/iih a direct 
35 voliage of opposite polarity applied between 
electrodes 23 and 29. the electro phoretic 
materia! is caused to pans through the 
porous layer 35 and to be deposited on the 
electrode 29. If the porous layer is substan- 
40 tially opaque to the radiation flux and/or 
the light cmitied from tiie elcctrophoretic 
material, the red light emitted from the 
porous layer in rcsi)onse to the radiation 
will be seen. TIius, the colour characteristic 
45 of the device can be changed from green 
til rough yellow, to red. or vice versa, de- 
pending upon the polarity of tiie applied 
direct voltage. 

In anoilier arrangement, the radiation 
50 source is arranged belli nd the panel, as 
source 33, and no mdiatioii is directed agaiiist 
the waU 24, from which side tiie device 
is observed if llic porous layer 35 and tlie 
elcctrophoretic material 26 are opaque to 
55 radiation flux but transparent to visible 
light, or are opaque to visible light 
but .transparent to radiation (lux, tlie 
colour characteristic of the device can be 
changed from the green, through yellow 
60 to red, or vice versa, again depending upon 
the polarity of die appl-ied direct voltage. It 
is not always necessary' that the porous 
layer and the elcctrophoretic material 
should both be luminescent; if one at least 
65 is electroluminescent, the colour character- 



istic of the device can be changed by vary- 
ing the polarity of a respective direct voltage 
pulse or a pulsating dectric voltage from 
voltage source 30. 

The porous 4ayer 35 can be made from 70 
any luminescent or non4uminescent sheet 
material in which pores exist or can be pro- 
duced. The pores must be of a size large 
enough to permit the particles of elcctro- 
phoretic material to pass through but must 75 
be as small as possible to disturb the trans- 
mission of radiation flux or the light 
emitted from the luminescent component. 
Suitable materials include cloth or a mesh 
fabric woven of natural or artificial fibres; 80 
a fibroid sheet having thousands of irre- 
gular pores; a thin plate with a very lar<»c 
number of very small holes; and a sheet 
of material of a granular nature bonded 
with resin or an adl®^ agent to form a 85 
porous structure. 

in the construction of Figure la, a sus- 
peiision medium 39 includes at least two 
kinds of elcctrophoretic materials 40 and 
41 in finely divided powder form. For sim- ^0 
plicity of description, it is assumed that the 
suspension medium 39 is non-lumincsccnt 
and trr.nsparent to radiation flux and visible 
n^zhi. The suspeasioa medium and the ma- 
terials 40 and 41 together provide a lumin- 
csoeni electrophoretic suspension laver 42. 
Tile tv/o materials 40 aiid 41 diller witTi 
respect to charge polarities and luminescent 
properties. It is not necessary tiiat both of 
the elcctrophoretic materials 40 and 41 of ^00 
t.he suspension layer should be luminescent. 
Tliis device displays at its opposite sides 
a colour which is a mixture of the lumines- 
cent colours of the two kinds of elcctro- 
plioretic materials 40 and 41 v/hcn excited ^05 
by radiation flux or alternating electric 
field. 

If a unidirectional electric field is aoplicd 
to tiio elcctrophoretic suspension layer, the 
t\yo elcctrophoretic materials 40 and 41 of ^^0 
dillerent types are caused to move electro- 
phoretically in opposite directions. The ma- 
terial of positive pdarily moves towards the 
cathode and is Uiere deposited, and that of 
negatr/c polarity moves to and is deposited 115 
on the anode, as indicated m Fgure 36. 
If the material of positive polarity emits, 
for example, green light and the other and 
negative material emits, for example, red 
light, a spatial distribution of elcctrophoretic 120 
materials 40 and 41 as indicated in Figure 
3/> wiH result, -producing a green colour at 
the calliode side and red colour at the 
anode, since the electro phoretic materials 
are substantially, ooaque to radiation flux 125 
and /or visible light. 

Before the unidirectional electric field is 
applied the device has x yellow colour at 
both electrodes, due to uniform spatial dis- 
tribution of the green-luminescent material 130 
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and tlic rcd-Iuniincsccnt material, as indi- 
cated III Figure 3a. . . p ...^ HicnKv 
Tiic colour chtiractcnslic of tI^^«;;^'fP>^y 
or display and device can bo rc^^^V-^e.^^^^^ 
reversing the polarity of the ^9Pj^f,^'^;^^ 
voltage A device can Provided hauns 
a radiation source at one stoo onl> as acs- 
cribed above. 



cent conmonent in the suspension layer is 
excited by the radi::tioa Ilux or clccinc field 
such as alieniaJing pulse or pulsating dec- 
iric fieid, applied thereto. 

I'he luminescent property of the suspen- 
sion layer is siixccpiible of conirol by a 
dircut electric lield applied to it: me appliect 
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In ;ho dovica s!iov.n ... - ^ , 
4Z. an cleclropharo'.i; suspension la,. r 4, 
includes a suspcr-sion medium j9 <i.id ai 

east wo kinds of ^^''^'^.t^PP'lo^^"*^;;";-'.^ „ 
45 and 4.5 in rmcly divided Po:«^f^. 
!he iwo aiali-Tlais have tiic same -i.ar?c 
15 but d:.Tcrent f^^^^ 

mobillHCs and luminescent FoP^f"^^ 
liiii-ilv the dmce of Fisurc 4a iia^ on 
]^%Js a luminescent colo-.r vvnich .s 

_;,mixturc of M.li 



in Fiaures -Irt ar.d 
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iicld chan-res :hc spatial distribution ot the 
electrorjiio'retic material in the suspjiibion 
mcdiuili cicctrooiior^licaliy so iiiat tlie niaii. 75 
nitude of i!ic radiaiicn (U:x ior prodi:ci:ii! a 
'riven briuhtness of the luniincsceat compon- 
ent in the suspension layer changes and/ or 
the liWu cmilted from the luminciccnl coni- 
nonent in the suspension layer changes m SO 
strengUi and/or spectral property before the 
li'rht cmcpjes from the device. The sus- 
pension layer. iSierefore. must comprise at 
li^ast one comnonent which is subsianiially 
_ the l^'n 1,^;i^4%uT^^^ lo liic Tadiauon Ilux 

>-^"ds of clc=jrop^;,°^|ji| 'f*^ temati^ anSor ;l-.c ii.i-.t. enjiiicd fron. ihe ■..nune.- 
raoiat.on fJl ..^nn-nmnonent m the susp. 
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subjected to u-.ui^av.v^^ - - 

slectric field. If the two '".=^^=[-1^^='" v!,?,' 
examn-lc. yellow and blue l.gh . ;«ff 
tl-e device shows wlute colour, the ^aatuvQ 
7^ ffc-t of th^ yellow and blue light, at bo I 
sSs! Willi applied direct ^^^^ 
boih tvtscs of eleclropboretic p.ir.tcr.ai ar. 
J^Ij ^o move clcctrophoretically in .he 

same direction. . -.i o-h 46 

If dectropiioretic materials 45 «''d 46 
arc positive and the clectrophorctic .i oo Ii^. 
of til. material 45 is greater ""-^ '"f^ J 
material 46. the material ^5 jno/. fasto 
than materia! 46 m the S"5.P^*'1^'?^- f,^^' 
under tiic ellect of the electric fic:d and a 
"reter amount of the former ma^rid is 
deposited nearer ih^'-'^.^hoae. as inJ.ca.vd 
in Fisurc 4i.. The device tnus e.\hibus a 
'"now- colour toward t^c cathode and a 
blue colour toward the anode. J}»\^ 
cause the electrophorelic 'natcria s 45 and 
46 arc substantially opaque to raduit.on lUX 
and/or visible light; 
The colour of die display- or display a^ 
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Il~wi!l be seen that in U.e ':n«°^"""' f, " 
ihc invention so far described and Jllus- 
Si-c ! 1^ lur^Hncsccal ekctrophoretic sus- 
o^nsioa layer comorises a .susp-insion 
Sm and at least one eicctropnorc^ic 
mSriS in a finely dW'ded powder torn 
suspended iu the mediun. The sub^asioi 
laver can comprise a porous lavei and; or 
55 anodier dccirophoretic material ^viuci may 
have a diircrent luminescent property, oppo- 
sUe dia^e polarity or 
phoretic mobility from, at 'e^t fne (h the 
clenroohoretic matcnals. The clectro- 
phS suspension layer includes at eas 
Sle luminescent component selected ^rom 
die uroup consisting of a suspension 
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cent component in the suspension layer, i hu 
opaQue component consists of at lea:>t one 
componeni. not including the one lumine..- 
ceni component, and may be selected from 
th'^ "roup consistuig of the suspension 
medium, the clectrophorctic material and 
the porous layer. In Figures I to 4 it the 
device is obser\'cd from one side only, ro: 
oxample from the side of electrode 26. tlic 
housing wall 24 and the electrode 23 must 
be transparent with respect to visible light. 
When tiic suspension layer is cxciied so as 
lo emit iidit hi response to the radiation 
Ilux it is" further necessary that at least lOO 
oiic' of the housing walls 24 ap.d 2d. and 
liie eicctrode adjacent that wall, should be 
transparent to die radiation PtU.x. it ts 
t)ossible to construct devices of dilferent 
t^-pe by direcihie the radiation source toward io5 
wpll 24. ihat i's. toward the front oi the 
panel or toward wall 25. that is, with tne 
tource behind liie panel. In any arrange- 
Mieni. ihc wall and liic electrode facmg uie 
radiation source must be tran.sparenl to the no 
radiation Ilux. 
In Fiaure 5. a suspension iayer 50 can 
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posite major \vai:s .:-t ana -.1. i i-c lu-.t^^ v-- ^ 
u-ode 51 carries a paiiern. or symbol, s-.own 
a^ an E-shaned svmbol. Tlie second elec- 
trode 52 extends substantially uniiorni.y 
across the entire wall 24. The device is m- 
lended to be observed only from the side of 
wall 24, and so wall 24 and the electrode 125 

are made transparent to at least visible 
iidit. If the electrophorelic suspension layer 
50 is electroluminescent^ the device will dis- 
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^'^^ ^ ^ ^frV^iirt"-.»tiV material and a ^u is cicciruiunimv^j'-wjii^mv v*w..*w — . 
medium 'h*=/H?'«=';^'^'f^^cem s^^^^^^ P'-ay the symbol "E" upon application o . for 
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is subject to continuous control by con- 
troh of the amount of material d<4>osited 
dcctrophorciicaliy on the electrode, and 
this can bo controlled by tlic direction, mag- 
5 nilude or period of application of tlie volt- 
age. Sinci the colour at the cathode side of 
tlie panel is affected by the dectrophorctic 
movement of the dcctrophoretic material 
toward the anode, the colour of tlie dis- 
10 play panel can be changed by varying the 
magnitude, the duration and the polarity 
of the applied electric field. 

Electro phoretic material deposited on an 
eleclrode surface by electrophoresis will 
15 remain on the electrode after the removal 
of tlie applied electric fidd. and tiiis means 
Uiat tlie display device described serves to 
record information without the sustained 
use of electric field or power. The panel 
_20-j5''in- be -restored to its priginal colour by 
an appropriate electric 'fidd of reverse 
polarity or by the application of strong 
mechanical vibrations to the device. An 
applied A.C electric fidd to the suspension 
25 layer can also ellectivdy restore the original 
colour of the panel. 

With ihc device shown in Figure 1. 
changes of the luminescent appearance of 
the suspension layer can be observed from 
30 both sides of the panel since the radiation 
sources are positioned one on each side of 
the paiid. and two v/alls of the housing and 
the two electrodes are aR transparent to 
radiation fiux and visible light If it is de- 
35 sired to observe tlie device from one side 
only ihe other housing wall and the attached 
electrode can be replaced by an opaque 
conductive plate such as a metal plate for 
example, and the corresponding radiation 
40 source omiited. A suspension layer com- 
prising a luminescent suspension medium 
and at least one luminescent or non- 
luminescent electrophorctic material sus- 
pended ia the lunimescent suspension 
45 medium can also be used. At least one of 
Ihe components of the suspension layer, that 
is the. suspension medium or the electro- 
phorctic material, must be luminescent and 
aiiotlier component must be substantially 
50 opaque to the radiation flux and /or visible 
light emitted from the one luminescent com- 
ponent Tlie desired opacity can be due to 
absorption and /or reflection of the radia- 
tion flux or visible light 

55 [n another fonn of the device a radiation 
source is disposed behind the panel and 
visible light is' emitted from tlic front When 
a device" of this lyp<^ is observed through 
the electrode 28, for example, tlic radiation 

60 ' source 32 is removed and the housing wall 

24 and the electrode 28 must be trans- 
parent to visible light and the housing wall 

25 and the electrode 29 must be transparent 
to the radiation flux. The operation of such 

65 a device can be explained with reference to 



Figures la, 16 and Ic. If th dectrophoretic 
material is luminescent and the suspension 
medium is non-luminescent and strongly 
absorbs light emitted from the dectro- 
phoretic material but transmits the radiation 70 
ilux witliout substantial absorption* the 
brighuiess of the device witli the same 
spatial distribution of the dectrophoretic 
malerial as indicated in Figures la, \b and 
Ic is medium, high and low, respectively. 75 
On tlie other hand, if the non-1 unvinescent 
suspension mediimi does not substantially 
absorb the light emitted from the dectro- 
phoretic material but strongly absorbs the 
radiation flux, the briditness of tlie device 80 
in tiie conditions of figures la, 16 and Ic 
is medium, low and high, respectivdy. Thus, 
die colour characteristic of sudi a device at 
the side opposite the radiation source can 
be_ changfii'-bgrf-ajplication of a suitable "85— 
direct voltage. There can also be used sus- 
pension layers in wliich the suspension 
medium is also luminescent, or the dectro- 
phoretic material is non-luminescent but 
the suspension medium is luminescent 90 
V/iien there iS only one luminescent com- 
ponent in the suspension layer another 
component in the suspension layer must be 
substantially opaque to radiation flux or 
visible light emitted from the luminescent 95 
component 

A device in which the radiadon source is 
located behind the panel is useful for many 
display purposes as it does not require a 
large space in front of the panel. 

The unidirectional voltage for control- 
ling Ihe eleclroplioretic material need not 
be a constant direct voltage and may be 
any other unidirectional voltage such as a 
pulse voltage or pulsating voltage. 105 

The radiation flux for activatmg the 
luminescent suspension layer can be any of 
a number of suitable sources: in addition 
to ultra-violet light there can be used 
visible light x-ray, v-ray. electron beam or no 
a-particies. Such luminescence phenomena 
arc usually called photoluminescencc, radio- 
luminescence or cathodoluminescence, res- 
pe;;ii7cly. Examples of ultra-violet sources 
include fluoroescent lamps, mercury lamps. 115 
xenon lamps x»r sun liglit 

Ultm-violet fluorescent lamps such as, 
for example, a lamp radiating in a range 
about 2537 A. chemical lamp radiating ultra- 
violet light of about 3000A or a black light 120 
lamp radiating ultraviolet of about j600A 
are convenient to use. By positioning several 
lamps behind the display panel a relatively 
slim display device can be made, emitting 
visible light information from the front of 125 
tlie panel. 

It is not necessary that the radiation 
source should be positioned outside the 
suspension layer, and the source can be dis- 
posed inside the layer. Radioactive isotopes 130 
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such as for example, radium, strontium 90. 
rhium or promethium 147 ;Ld'atc su.tab c 
flux such as a-particlcs or electrons. If the 
suspension laycV includes a suitable radto- 

5 active isotope and at least O"? 

component capable of ^d'^^' °" .J^V^'J'? 
light by the radiation flux from the i.otopc. 
the device is sclf-lummescent antl no ex- 
ternal source of radiation is requitud. 

,0 The means for activatins '•'«=,,^"^P™ 
layer is not restricted to a radiation source, 
ar^d the layer can be made to cm. /^^^^^^ 
light by excitation by an fectnc held 
anolied across the suspension layer, that is 

15 elitrolumincscenci Wheti the e ecuo- 
pLrclic suspension J,^.^^ 
one component consisimg of an eic.tro 
hiinmSt material in the suspension 
a "r ^n electric. Qeld.applied across the 

00 suspension Iay<Ji^"i^^.'P'^ V'.?," tij^ 
escent material to emit visible light^ i « 
el-tr c field for this purpose can be any 
• !uhable lime-varj'ing field, inc uding an 
abating declric field, a repetitive pu se 

25 Sold a=pulsating held When the e ec o- 
Dhorotic material consiils ot au cicciro 
Punacscent materia!, the suspension laxer 
f. made to emit light upon application 
of ro'r «le an A.C voUa^ fro- th« 
vol'a-'e source 30 applied between ilie c 

■'^ Trodlf 2S and 29 in Figure l- An clecUK 
field applied across the suspcn.^^.on la>cr 
To control its brightness can chanp He 
snatl'l distribution of the electrophoretic 
m^a^ al n the suspension med i.m estab- 

S' by aPP''-'^ ^'''^.at"l"diSl 
vo'taae. For example, a spal.al Jwr du 

tion it electrophoretic n^'''"'^' 
shown in Figures lb or c •^'^J'' ^' ^^^ 
..n the application of a unidire-Jtional vclta^v 
r^ayT destroyed by an alternatmg field . 
aDDlied from the voltage source 30. to cori- 
trorthe brSitness of the suspension layer, 
and chanse it to the distribution of electro- 
.,- nhor-t^^ material as indicated in Figure la 
Thk chajT^e n tlie spatial distribution of 
Jc eS?^'phoretk material depends upon 
the nVaSde. the duration and the fre- 
cuenTv of the alternating voltage applied 
50 It^e- electrophoretie --tend sa^pended m 
the suspens on medium follows Uic ire 
auencv of the applied alternating voltage to 
d e extent of vibrating between the e ec- 
rodes the device emits light, at both clec- 
55 trS^: cyclically varying at Uie frequency 
of the applied voltage. 

On the other hand, if Htf. suspen- 
sion layer having a spatia distribution 
o*f the ^electrophoretic material as shown 
60 in Ffure la s subjected to. for ex 
Lmple repeated unidirectional pu se volt- 
^^s fror^ die voltage source 30. the n^- 
t'Ure electrophoretic material, while emit- 
n- n-ht moves toward an anode under 
65 Ihe^ infiuence of the pulse voltage and is 



deposited on the anode surface, whereby tlic 
device emits ciectroluminesccnt light at 
the anode. In consequence, a device having 
a suspension laver in a liquid stale bright- 
ened by aa electric field having a direct 70 
component, cannot produce a stalionarv- 
ha4f-tone display because the applied volt- 
age deposits all of the electrophoretic ma- 
terial on the one electrode. If, as described 
hereinafter, the suspension layer is hard- 75 
ened after the desired spatial distribution of 
the electrophoretic material is established 
by the unidirectional field, application of 
any electric voltace from the voltage source 
30 across the suspension layer to control SO 
the brightness of the suspension layer can 
maintain the desired colour of the display 
without chandna the spatial distribution of 
the electrophoreUc material in the suspcn- 

sio a jnedium. : [ i: , . . , 

The suspension layer may also consist ot 
an electroluminescent electrophoretic ma- 
terial suspended in an elcctrclununesccnt 
v;u<;peusion medium. Ef the colour of the 
ii"ht emitted by electrophoretic and sus- 90 
pension mediums dilTer in hue and/or 
saturation, the colour characteristic of the 
display can be varied over a wide range 
b*v varying the polarity of. for example, a 
repetitive pulse voltage applied across the 95 
suspension layer. The electroluiiimesccnt 
buspcnsion medium can be prepared by. for 
example, suspending an electrclummcscent 
non-'^iectropliorelic material in non-c!cctro- 
luniinesceni suspension medium. In the pro- lOO 
sent specification, the expression "suspen- 
sion medium'' includes not only a single 
phase liquid or solid m-dium but also a 
suspension comprising non-cloclrophorelic 
particles suspended in a liquid or solid (05 

medium. . ... 

The suspension mcJium opaque to visible 
lialit can be prepared by dissolving a 
coloured substance, such as a dye, in a 
colourless liquid, or by suspending electric- no 
ally neutral coloured panicles, such as d>os 
or pisments, in a colourless liquid. As an 
example, a deep blue suspension medium 
can be prepared by dissolving oil black dyes 
in eth>l acetate or kerosene. 115 

Fisurcs 2a and 2Z?.sIiow another form of 
displav means; iii these and in subsequent 
Figures, similar parts bear similar refer- 
ences. In Finurc 2 a luminescent or non- 
I'lminescent porous layer is inserted m a i-y 
suspension medium 36. The suspension 
medium 36, the porous layer 35 and the 
electrophoretic material 26 together make 
up a luminescent electrophoretic suspcn- 
sion laver 37. Merelv to facilitate explana- l-> 
lion, it is assumed that the suspension 
medium 36 is non-lumincscenl and transpar- 
ent with respect to radiation flux and visible 
li-ht. In the device of Figure 2a, when the 
device is subjected to radiation tlux on both 13U 



